Background: In the present study, we examined the trends of premature mortality due to kidney and bladder cancers among the Japanese population from 1980 through 2010. Methods: Mortality data were obtained from the World Health Organization mortality database. Years of life lost (YLL) was estimated using Japanese life tables. Average lifespan shortened (ALSS) was calculated and defined as the ratio of years of life lost relative to the expected lifespan. Results: Over the study period, the age-standardized rates to the World Standard Population for deaths from kidney and bladder cancers were stable. The average years of life lost (AYLL) measure shows decreases of about 4 and 6 years of life for kidney cancer in men and women, respectively, and decreases of about 2 years of life for bladder cancer in both sexes. The ALSS shows that patients with kidney cancer lost 21.0% and 24.7% of their lifespan among men and women in 1980, whereas respective losses were 15.3% and 15.8% in 2010. Also, patients with bladder cancer on average lost 13.5% in men and 14.2% in women in 1980 and 10.8% in men and 11.1% in women in 2010. Conclusions: Our study shows favorable trends in premature mortality for kidney and bladder cancers in Japan over a 30-year period; however, patients with bladder cancer on average lost a smaller proportion of their lifespan compared to those with kidney cancer. The development of a novel ALSS measure is convenient in examination of the burden of premature mortality over time.
INTRODUCTION
Malignancies of the kidney and bladder account for the majority of cancers of the urinary system, which consists of the kidneys, bladder, upper urinary tract (ureter and renal pelvis), and urethra. Japan generally has lower incidence rates of kidney and bladder cancers than western countries. 1 A recent estimate, based on data from 11 population-based cancer registries in Japan for the year 2000, reported that kidney cancer accounted for about 2% of new cancers in both sexes, while bladder cancer accounted for 3% of new cancers in men and less than 2% in women. 2 Although introduced before the 1990s, premature mortality in terms of years of life lost (YLL) has been under-utilized in the evaluation of the burden of chronic conditions. The YLL metric was initially based on subtraction of age at death from a fixed given age. 3 The concept was thoroughly revised within the Global Burden of Disease (GBD) project, and the normative life expectancy [4] [5] [6] [7] [8] was proposed to calculate YLL, rather than an established fixed age. On top of the discrepancy due to inconsistency between the aforementioned methods in YLL calculation, researchers have faced incomparability of "life lost" measures over time or across populations because the lifespan of the general population tends to get longer over time or life table structures are not similar between countries. Specifically, results from premature mortality of a particular health condition in the 2000s could not be compared to those in the 1980s because life expectancy improved with time. In order to improve comparability we proposed a new measure, the average lifespan shortened (ALSS), expressed as the ratio of years of life lost relative to expected lifespan according to national life tables. We have already demonstrated the utility of this novel measure in evaluating premature mortality from breast and the central nervous system cancers among the Canadian population. 9, 10 Given that little is known about premature mortality due to malignancies of the urinary tract in Japan, we conducted this study to examine the long-term trends of premature mortality due to kidney and bladder cancers among Japanese population over a long-term period from 1980 through 2010.
METHODS

Study population
In this study, we included malignancies of the kidney and bladder, which accounted for the majority of cancers of the urinary system. The mortality data for the Japanese population were obtained from the World Health Organization (WHO) mortality database 11 for the period of 1980 through 2010. During this period, causes of death for Japanese data were coded according to the International Classification of Diseases and Injuries (ICD) 9
th Revision (ICD-9) from 1980 to 1994, and 10 th Revision (ICD-10) from 1995 onwards. Malignancies for kidney cancer were coded as 189.0 in the ICD-9 Revision and C64 in the ICD-10 Revision, and those for bladder cancer were coded as 188 in the ICD-9 Revision and C67 in the ICD-10 Revision.
Statistical analyses
We calculated the age-standardized rates (ASRs) per 100,000 people for deaths due to kidney and bladder cancers according to the World Standard Population. We applied YLL computation according to the GBD Project. 4, 5 Briefly, YLL is calculated by multiplying, for each 5-year age group, the number of deaths with the age-specific life expectancy at the midpoint of the respective 5-year age group, as derived from life tables provided by the Ministry of Health, Labour and Welfare, Japan. 12 Since there were several versions of life tables available over the study period, the following lifetables were used to calculate the YLL measure:  the 1980 life tables for 1980-1984; the 1985 life tables for  1985-1989; the 1990 life tables for 1990-1994; the 1995 life  tables for 1995-1999; the 2000 life tables for 2000-2004; and the  2005 life tables for 2005 and onward. Over the 30 year period, life expectancy at birth increased from 73 to 79 years in men and from 78 to 86 years in women. 12 We then calculated the rate of YLL per 1,000 people adjusted to the World Standard Population to assess the burden of life loss relative to the entire population. The average years of life lost (AYLL) was estimated by dividing the total YLL by the total number of deaths in each calendar year. We calculated the ALSS, which was a ratio of years of life lost among people who died from kidney or bladder cancers compared to the expected lifespan based on the respective life tables. The below hypothetical examples demonstrate how the ALSS was calculated. A given man who died from bladder cancer in the year 1990 at his 60 years of age would have lost 20.0 years of life as indicates the 1990 Japanese male life table. So his lifespan was shortened by 25% resulting from his 20.0 years of life lost over the expected lifespan of 80.0 years. If fifteen years later another man died from bladder cancer at 60 years of age, he would have lost 22.1 years of life according to the 2005 male life table. As a result, his lifespan was shortened by 27%. The ALSS in the present study indicates an average expressed by percentage of lifespan shortened among all people who died from kidney or bladder cancer. Details of the ALSS measure and its utility have been described in our previous studies. 9, 10 All statistical analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). Table 1 shows the number of deaths and ASRs due to kidney cancer in Japan from 1980 to 2010. Over a 30-year period, the actual number of deaths increased by about three-fold, from 866 deaths among men and 384 among women to 2,737 and 1,311 deaths among men and women, respectively. However, the ASRs among women were stable at around 0.6 per 100,000 women, and the rates slightly increased among men through the 1980s and 1990s, from 1.4 per 100,000 men to 1.9 per 100,000, and started slightly decreasing in the 2000s. We observed that over 20% of deaths occurred at 75 years or older in 1980 in both sexes, while the proportion in 2010 was 50.9% among men and 63.8% among women. Table 2 provides information regarding bladder cancer deaths for the same period. We also observed about three-fold increases in the actual number of deaths over the study period. There were 1,606 deaths among men and 755 among women in 1980. The respective number of deaths increased to 4,719 among men and 2,085 among women in 2010. The ASRs for bladder cancer were somewhat stable among both sexes: around 2.4 or 2.5 per 100,000 men and around 0.6 or 0.7 per 100,000 women. We observed that higher proportions of bladder cancer deaths occurred at 75 years or older compared with those of kidney cancer. In 1980, 44.9% of deaths due to bladder cancer occurred in the oldest age group among men, and 52.3% of deaths due to bladder cancer among women, while these proportions increased to 71.3% and 81.9% among men and women, respectively. Table 3 shows information on the total YLL, adjusted YLL rates per 1,000 individuals, AYLL per decedent, and ALSS among decedents for kidney cancer. The total YLL increased according to increases in number of deaths over time, and the adjusted YLL rates slightly increased over the study period for both sexes. We observed that AYLL decreased from 16.9 to 13.3 years of life among men and from 20.6 to 14.5 years among women in this period. We also observed a favorable trend of ALSS, indicating that men died 21.0% earlier than the expected lifespan in 1980 and 15.3% in 2010. Among women, the lifespan was on average shortened by 24.7% in 1980 and 15.8% in 2010. Table 4 shows relevant information on respective measures of premature mortality for bladder cancer. We observed increases in the total YLL in both sexes, as well as slight increases of the adjusted YLL rates over the study period among men. We observed that AYLL decreased by about 2 years of life, from 11.2 to 9.6 years among men and from 12.3 to 10.4 years among women at the end of this study period. Results of the ALSS measure show that patients lost a smaller proportion of their life at the end of the period, decreasing from 13.5% of their life in 1980 to 10.8% in 2010 among men and from 14.2% of the expected life to 11.1% among women.
RESULTS
DISCUSSION
To the best of our knowledge, the present study is the first comprehensive analysis of long-term trends in premature mortality due to kidney and bladder cancer among the entire Japanese population. The results showed that, on average, the lifespan of patients was prolonged by about 6 percentage points among men and 9 percentage points among women for kidney cancer and by about 3 percentage points among both sexes for bladder cancer. In other words, patients with kidney and bladder cancers died at older ages at the end of study period.
In Japan, malignancies of the urinary tract are less frequently diagnosed compared with other leading cancer sites, like stomach, Pham TM, et al. lung, breast (among women), colorectal, and liver. 2 In the present analysis, we included deaths from the two most predominant subtypes of urinary tract cancers. Our results show that the number of deaths and ASRs were consistently higher for bladder than kidney cancers. Over the study period, the number of deaths increased by over three-fold for kidney and bladder cancers. However, the ASRs did not increase as much; rather, they were almost stable over the study period.
Given that incidence and mortality rates do not fully reflect the burden of loss due to cancer deaths, two common "life lost" measures, YLL and AYLL, have been used for depicting premature mortality. The former indicates a total burden as a whole among the entire population and is proportional to the number of deaths, while the latter indicates the average of the burden per decedent. The increase in terms of the total YLL is in accordance with the increased number of deaths over time that has been a consequence of population growth and aging of the entire Japanese population. Indeed, the Japanese population grew from 57 to 61 million men and from 59 to 64 million women over the study period. However, the AYLL measure shows that, on average, people with kidney and bladder cancer in Japan lost smaller proportions of their lives at the end of the study period. Unlike favorable trends of the AYLL, the adjusted YLL rates over time among the entire population slightly increased for kidney cancers and were stable for bladder cancers.
Having already discussed, 9, 10, 13 it is worth mentioning that there are two major algorithms in YLL calculation: the threshold and the life table method. According to the threshold method, only deaths that occurred before an arbitrary limit were considered premature. Indeed, our Table 2 shows that 45% and 71% of bladder cancer deaths occurred among men aged at 75 years or older in 1980 and 2010, respectively. In the other words, there were a substantial number of deaths disregarded in YLL calculation if a cut-off at 75 years was applied. In contrast, the YLL calculation in our study applied the life table method, which was based on a comparison of age at death and respective life expectancy according to the national life tables. The life table method considers all deaths at any age in the calculation. In the present study, favorable trends of premature mortality were supported by the fact the deaths occurred gradually at older ages over the study period (see Table 1 and Table 2 ). We observed that proportions of those who died at less than 50 years of age decreased, while those who died at 75 years or older increased at the end of the study. Given the differences in YLL calculation, caution should be exercised when attempting to compare results from different studies.
We have for the first time introduced the conceptualization of a novel ALSS measure for premature mortality in our previous studies. 9, 10 This measure is expressed as a percentage of their life shortened in relation to their expected lifespan if patients would Premature Deaths Due to Kidney and Bladder Cancer not die early due to a given chronic condition. The expected lifespan is calculated according to respective national sex-specific life tables. We have demonstrated that the utility of the measure is more intuitive, especially for clinicians and health policy makers, without the need to further take into account changes in the national life table structure when interpreting the findings. 9, 10 In the present study, although both AYLL and ALSS measures show favorable trends, interpretation of the AYLL results often requires a consideration of change of the life tables over time, whereas that of the ALSS results does not. For instance, the AYLL measure in Table 3 shows that, on average, men died of kidney cancer at 16.9 years earlier than expectation in 1980, while they lost 13.3 years of life at the end of the study. However, the absolute improvement would be about 9 years of life since life expectancy at birth actually increased by 6 years (from 73 to 79 years) over the study period. Indeed, the changes in life expectancy over time also affected ALSS calculation. The two hypothetical examples that we provided in the method section implied that the estimate of ALSS would result in a longer proportion of lifespan lost when life expectancy is longer. In contrast, the favorable trends of ALSS for kidney or bladder cancer indicated that the lifespan of patients was prolonged faster than the general population experienced over the study period. In this study, the ALSS measure indicates that men with kidney cancer, for instance, lost an average of 21% of their lifespan at the beginning of the study period, and they lost an average of 15% of their lifespan at the end of the study. Hence, their lifespans were prolonged by about 6 percentage points over a 30-year period. In addition, the measure indicates that patients with bladder cancer lost, on average, a smaller proportion of life compared with kidney patients. Indeed, men with bladder cancer lost only about 11% of their lifespan in 2010, compared with kidney patients whose ALSS was 15% for the same year. Hence, the development of this new ALSS measure contributes to the monitoring of premature mortality over time and allows comparison between chronic health conditions.
Renal ultrasonography is a useful tool to detect early stage kidney cancer. 14 Mihara et al 15 reported that abdominal ultrasonographic screening of 219,640 people had been performed in Japan and 723 cases of malignant tumors were detected, of which kidney cancer accounted for 26.6% of the cases. In all cases of kidney cancer, no symptoms were noticed and no abnormalities were found in the blood chemistry tests or urinalysis. With respect to pathological stage, 89% of the tumors were ≤pT2. Although radical nephrectomy has traditionally been performed in patients with localized kidney cancer, partial nephrectomy represents the current standard of care for T1 kidney cancers that are 4 cm or less in diameter in the past decade. 16 The standard treatment for advanced kidney cancers has changed dramatically in the past decade, from cytokine therapy to molecular-targeted Pham TM, et al.
therapy. Shinohara et al 17 reported that the median overall survival was 27.2 months in Japanese patients with metastatic kidney cancer in the era of molecular-targeted therapy. Before introduction of molecular-targeted therapy, the median overall survival time for metastatic renal cell carcinoma was 21.4 months, as reported in a study conducted among 1,463 patients during 1988 to 2002. 18 Therefore, the newly approved moleculartargeted therapy might favorably contribute to future trends of premature mortality for kidney cancer. In contrast, over the past 2 decades, patients with metastatic bladder cancer had only limited therapeutic options following cisplatin-based chemotherapy (methotrexate, vinblastine, doxorubicin, and cisplatin or gemcitabine plus cisplatin). Cisplatin-based chemotherapy conferred a median overall survival of 12 to 15 months. 19 In addition, while bladder tumors superficial to the muscularis propria are effectively treated with transurethral resection and intravesical therapy, there is a significant rate of recurrence and poor prognosis after radical cystectomy for muscle-invasive bladder cancer. 20 Lastly, it is possible that more kidney and bladder cancer cases, diagnosed recently among elderly individuals due to rapid aging of the entire Japanese population, might also support the favorable trends of premature mortality observed in this study. Nevertheless, the aforementioned changes in diagnosis and treatment practice over the last decades may have contributed to improvement of premature mortality for both kidney and bladder cancer in Japan.
The strength of this study was the introduction of a new measure, ALSS, in addition to the existing measures of premature mortality. Moreover, the new measure is more comparable over time, allowing us to show comprehensive long-term trends of premature mortality over a 30-year period. An additional strength of the current analysis was the robust and complete nature of the vital statistics data because death notification is required in Japan. A limitation of the study warrants mentioning: the nature of the study design did not allow us to directly investigate the causal relationship between the improvement in premature mortality and contributing factors like diagnosis, treatments, and=or follow-up. Rather, this study merely provided a descriptive analysis, so any causal inference of the findings should be interpreted with caution.
In summary, results from this study show that patients with malignancies of the urinary system have had their lives prolonged over a 30-year period in Japan. The favorable trends in premature mortality may be a proxy indicator of how effectively the health care system has functioned with respect to diagnosis and treatment of kidney and bladder cancer in Japan over the study period. 
